Silicon Photomultipliers (SiPM) are state-of-the-art solid state sensors for light detection with single photon sensitivity, unprecedented photon number resolving capability and high photon detection efficiency. SiPM are cost effective, compact, magnetic field insensitive and with an extreme flexibility in the design to cope with different applications in fundamental and applied science and industry. As a rapidly evolving technology, new generation of sensors are being continuously proposed by different producers, requiring the development of reliable and efficient SiPM characterisation methods to perform a quick assessment and comparison.
The procedure presented here is based on post-processing of digitised SiPM waveforms recording the response of the sensor to an ultra-fast light pulse. For every pulse, the signal is synchronously sampled, digitised and recorded on the timescale of a few microseconds with the objective of extracting from a single set of waveforms a full picture of the sensor characteristics in terms of Gain, Breakdown Voltage, Dark Count Rate (DCR), Optical Cross-Talk (OCT) and After Pulse probability (AP). The need of a unique and consistent data-set guarantees a fast and robust characterisation, stable against environmental condition changes, notably temperature.
The method makes use of the original digitised waveform and of a digitally filtered signal, resulting by a zeropole equivalent processor with sensor dependent parameters. The filtered signal essentially identifies the occurrences of avalanches in the SiPM, providing delta-like signals a few nanosecond long and reducing the effect of pile-up. Presuming a Poissonian distribution of the Dark Counts, their rate is measured by the frequency of events with no delta-like pulse in a time interval Δtdark ≈ 2 µs, located between the beginning of the digitisation window and the light pulse arrival. This measurement is immune to contamination by the after-pulses and not subject to limitations related to the use of leading edge discriminators. The OCT is measured by the analysis of the spectrum of the spurious signal pulse height in the same time window. The sensor gain and its dependence on the over-voltage is measured by the analysis of the multi-photon spectrum, obtained integrating the signal in a proper time window Δtlight around the light pulse. The duration of Δtlight is sensor dependent, it typically ranges between 150 ns and 500 ns and it is determined operationally measuring the trend of the peak-to-peak distance, supposed to increase till when the full charge is integrated. The analysis of the multi-photon spectrum provides as well another measurement of the OCT. The After-Pulse probability, usually a critical measurement, is obtained in a very simple way comparing the number of delta-like pulses in Δtdark and Δtlight, and accounting for the mean number of photo-cells fired by the light pulse.
This procedure has been validated with the support of a simulation reproducing the waveforms of the SiPM. Pulses were generated assuming an exponential signal development with a user's defined time constant and adding white noise reproducing the system features. The intensity of the light pulse was generated assuming a Poisson distribution of the number of emitted photons, properly scaled according to the Photon Detection Efficiency. Stochastic effects (DCR, OCT and AP) have been implemented. In order to verify the robustness of the characterisation procedure, simulated data with different values of each parameter have been analysed, assessing the reliability of the procedure.
The program has been used to characterize SiPM from different companies and areas from 1x1 mm 2 up to 6x6 mm 2 . In particular, large area sensors by four different producers have been characterised and compared and the results will be reported. These sensors are of great interest for the development of portable and cost effective gamma spectrometers and neutron detectors and their characteristics may be critical to measure, essentially because of the high rate of Dark Counts spoiling standard methods.
